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Abstract A preliminary geophysical ode 1 furn tion,
relating the sea surface brightness temperaturesto ( (can
surface wind speed and direction, \\ "as developr dusing,
the data acquired at 45°, 55°, and 65° inciden, angles
by Jet Propulsion Laboratory’s (J3]'1,) airaraft I 9 and
37-Gllz polarimetric radiometers in 1994 and 180h 1.
diometric temperatures from all polarization cliannelsan-
der cloud- free conditions showed clear dependenceonsn

face wind dircction. When there were stratus or seatiend
clouds, 7,and?}y were significantly influenced bath- 1,

diation from cloud water, but the polarimetric chiined
U was found to be insensitive to clouds. Thdcu.ir
harmonic cocflicients o 1 the wind divection signais waie
derived froinexperimental data and related to thowind
speed and direction, incidence angle and ficquency
general, all harmonic cocflicients increase fronnlow to

moderate wind sprceds, except the sin 2¢ cornp onent of

U at 65° incidence, which peaked at. 1ow windswit Il a
peak-to-peak amplitude of 0.6 to 1 Kelvinataliout 3 /s
winds. At inoderate wind speeds, 45° incidenes anglox
hibits larger sccond harmonic signals, but sma e [isa
harmonic signals, than higher incidence angles, W i
rection signals were similar in 19 and 37 G Hy chiannels,
but the 37 GHz channcl showed a slightly strongesy il
dircction sensitivity thanthe 19 Gz chiannel. T 1
sults suggest prommsimg applications of passivanioro vae
radiometers Lo ocean wind vector mcasurcinants

INTRODUCTION

T'here has been anincreasing interest in the application of

passive microwave radior neters for occan wind vertornnc
surements [1]- [9]. Aircraft, radiometer measurenionts pa
formed at near normal incidence angles [1, 7], the S S\
data at b3% incidence angle [2], and the aiveraftpoliyint
ric radiometer measurements acquired at 309 1o b |
have found the dependence of sca surface Iiightnes 19
perature 011 winddirection over a large rangcof bl
angles. llowever, these experimental data are insollicen
for designing a spacchborne sensor for occanw ol s
ing. To obtain a better understanding of the fro quanicy
dependence, a Ka-hand (37 GUNz) polarhmctric vadion
ter was built and integrated with the I-bavd (190G I |

This wor k was performed under a contract with the Natin.al
Acronautics and Space Administration at the Jet Propulsion 10h
ratory, California Institute of Technology.

radiometer used in t lie 1993 WINDRAD experiments [8].
The dualfrequency systern was integrated with the NASA
DC-8 and flown in July- August 1994 and March-May and
September 199~ over ocean buoys, to obtain mmore exten-

sive mncasurements from 45°t0 65° meidence angfcs.

MICROWAVE POLARIMETRIC RADIOMETRY

Llectromagnetic waves emitted from natural media due
torandom thermalmotion of electric charges arc in gen-
cral pay tially polanized. Mo fully characterize the polar-
ization state of apartially polarized thermal radiation re-
quires four Stokes parameters I, Q, U, and V. 1:7+ 1)
represents  the total radiat od energy and Q=-71,, - 1j the
polarization balarice. 1, and ), arc the brightness tem-
peratures of verticaland horizontal polarizations, while
Uaud I' characterive the correlation between these two
orthogonal polar jzations. A typical approach for U and
VIncasmements is o carry out the power measurements
at 4h%-linecar, - 45°-hncar, left-hand-circular, and right-
hand chcular polarizations. By denoting the brighitness
remperature measureinents a these four polarizations as
Tan, T an, 17, and 13, Uand V canbe derived from
these four brightness mcasurements as U = Ty - 1. g5
and Vo= 0y, - Ay

o1 wind -generated sea surfaces, the surface spectruimn
is expeeted to be symmetric with respect to the wind di-
yection (€w ). Denote the azituthal observation angle o f
radiometer look dircctionwith ¢, and the relative aziinuth
angle with ¢ = ¢w ¢, Yuch et al . [10] derived from
Maxwell's equabions ysing reflection syminetry that 7,
and 1, are even functions of ¢ and U and V  are odd
functions of ¢.llence, expanded to the seconid harmonic

of d),

Tv o~ Jig-t7v1 Cos ¢4y Cos 2¢) (1)
‘1 e~ oty Cos ¢+ The Cos 2¢ 2)
U o~ Upsiig-Ussin2¢ 3)
Voo Visin g A Vo sin 2¢ (4)

Allcocflicients are functions of surface wind speed, inci-
dence angle, and frequency. There arc also indications
{ hat the sca surface spectrum is influcnced by the pres-
cnce of large waves and the atinospheric boundary layer
stability. Since sca sutface brightness temperatures arc
mfluenced by the surface scattering, 1t i's therefore pos-
sible that theharmoniccoeflicients arc also funciions of
surface temperat uresand significant. wave height.
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Figure 1. 741 and T4y from 19.35 and 37 Gliv 111, wind ra-
diomcter chanucls versus wind speed at b m clevation {a)

6= 45° (b) 6 =. 55°, and (¢) 6 = 65°.

PRELIMINARY GEOPHYSICAL MODI1,

A dual-frequency polarimetric radiometer syston o)
ing at 19 Gllz (K band) and 37 Gllz (Ka band) lias boen
built and installed on the NASA DC-8 aircraft for cocan
wind measurements, This dual-frequency svsternn was an
upgrade of the 19 Gllz polarimetric radiometer used in1he
first WINDRAD cxperiment in Novemnber 1093 (8]0 A s
ries of aircraft flights were carried out in 1994 and 1995 1o
acquire polarimetric sea surface brightness ternperatures
with the dual-frequency polarimetric radiometer systc .
rcle flights were performed over the Nationa] Data Buoy
Center (NDBC) moored buoys deployed oft the US w. -t
coast, which provided occan wind speed and dire ]
measurcments. A set of flights were performed near thie
Hurricane Julictte in September 1995, and the ool
truth was obtained by the dropsonde launched fron- the
DC-8. The K- and Ka-band antenna horns wore monnd
on the DC-8 windows at a fixed angle. T'he DO & was
banked at three different angles to measure the data of
the nominal incidence angles of 45°, 55°, wnd 65¢, and
performed circle flights to acquire data fromn all avinedh
angles with respect. to the surface wind divection. I here
were clear wind direction signals in all polatization !
nels under clear sky conditions. When there were sty i
or scattered clouds, the radiation from clouds wounld o
scure the wind direction signals in 7, and 7). but hia 1 no
significant influence on the azimuthal modulations i (-
The Fourier cocflicients shown in kigs. (1) 1o (3) were
calculated with a mininmm mean square crror Hit 1o the
data. Figures 1 to 4 illustrate the harmonic cocflicinis
for the data acquired for clear skics and thin clouds  In
general, all harmonic cocflicients had an incrcasing {1end
from low to moderate wind speeds, excepl Uy at (5°
dence, which peaked al about 3 /s winds. These |
show a few Kelvin peak-to-peak signals n () - 1.
and U channels at moderate wind speeds, hut only
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Figure 2 Ay and Ths from 19.35 and 37 GHz JP1 wind
radiometer channels versus wind speed at 5 m clevation, (a)
0= 45°, (b) €= 55° and {¢) 0= 65°.

tenths of one Kelvin at 2 to 8 /s winds. The harmonic
cocflicient, which is most sensitive 1o the wind direction
al Jow winds, is Uy at 65¢ incidence. I is unclear why Us
at 65 peaked at about 3 m/s wind speed, but low wind
measurcinents from 1994 and 1995 confirmed the repeata-
bility of this signal.

The signatures of 19 and 37 Gllz data arc very siini-
lar for all incidence angles. This was observed in all data
collected throughout the flight experiments. This could
he due to the nature of sea surfaces, which are known to
have a wavenuimber spectrum closely following a power
law, and are thus nearly sclf-similar at various scales like
a Nactal sutface. Hence, although 19 and 37 Glz ther-
mal cinissions hiteract. with different parts of the spee-
trum, the Iength scales of surface dominating the scat-
tering would appear similar at these two frequencics, if
normalized by the clectromagnetic wavelength. However,
the 87 Gz channel was shiown to be more sensitive 1o the
wind direction than the 19 GHz channcl. We do, however,
expect that the 19 GHz channel to be less sensitive to at-
inosphernie eflects than the 87 Glz channel.

SUMMARY

A prcliminary geopliysical model function for the sca sur-
face brightness temperatures in incidence angle range of
15° to 65° was developed using the data from a scrics
of dual-frequency airborne radiometer flights in 1994 and
1995. Dependence of the wind divection signals in polari-
metric brightness temperatures on frequency, incidence
angle, and wind speed were discussed. Turther flight ex-
periments to acquire data at high wind (above 15 m/s)
are necessary for a more complete evaluation of the wind
speed dependence of wind direction signals. The cffects
of other atmospheric and occanic variables, such as air
and sca sirface temperatures (SS1Y) and significant wave
Lieight also need to be quantified to understand the lim-
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Figure 3. @Qyand Q, from 19.35 and 37 Glly 1L witnlva
diometer ¢l jant cls versus wind speed at 5 m- ¢ Lo vating, Q

Ty =Ty (a) 8=45°,(b) 6 =55 and (c) € (,’,”,

itation o r passive microwave radiotetry and o deve op
techniques to red uce these effects.
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